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CLAIMS

1. Apparatus for rehal:nhtutmg a patient whu bas a pareuc body part, the apparatus
comprising:

a) at least one electromyography (EMG) sensor adapted to being epplied 1o a voluntary
‘muscle of & healthy body part of the same type as the pmuc body part, wiuch ot least
omsmsorpru&uces:tlnnommﬁnml. -

b) a peuromuscular electrical stimulation (NMES) devn:e adapted for st:mulatmg at lenst
one voluntary muscle of the paretic body part;

c) a controller which controls the NMES device, said controller being conﬁgured to:
(i)store a desired motion of the parstic body pmrt,

(ii) store NMES amplitude insufficient to cense said desired motion;and

(iii) determine an amplitade of stimulation of the paretic body part at least partly
based on the EMG signal from the heaithy body part and said storage such thet said
NMES stimulation is not sufficient, on its own, Lo move said paretic body part said
desired motlon

2, Apparatus according to clum 1, whersin the st least one muscle of the healthy bndy

pmcmespondswtheatlemmmmhofthepmbodypm

3. Apparatus according to clmm 1, wherein said comtroller is cohﬁgured to process said
EMGﬁgndsmddmtminenlauonemofﬁNm& signal.

4, AppmﬂsaﬁcordingtoclaﬁnZ whuo'mﬂumﬁ'ollérisconﬁﬁnedsuthatthems
stimulates the peretic body past to make a movement wmspondmgto a movcmentmndc by

-ﬂmheﬂﬂzybodypmwhenﬂ:eEMGsxmlsmm

5.  Apparatus according to claim 4, whersin the conwoller is configured so that the
amplitude of stimulation of at least one of the at lsast one muscle of the paretic body part
increases when the EMG signal from the corresponding muscle of the healthy body part
m;reass atacorrésponding time in the movement of e bealthy body part.

6. Apparatus according to claim 4 or claim 5, wherein the at lcast onc muscle of the

 paretic body part comprises an antagonistic pair of muscles, and the controllcr is configured so
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that the amplitude of stimulation of one muscle of the. aptagonistic pair of muscle-a decreases
when the EMG signal ﬁ'omthemusclcmthahulﬂ:ybodypnrtconespondmgto the other

muscle of the antagomst:c pair of muscles incroases ut a corresponding time in the movement
of the hezlthy body part. o

7. Apparatus according to any ofme mcaﬁgchlms wherein one or both of the

controller and the NMES device are conﬁgwod to store 4 stimulation amplitude that is not
high enough to cause the stimulated muscle 1 contract in the absence of nerve impulses from
the patient’s bram.bm:s huhenougno cause the mawcle to contract in the presence of nerve
lm;\ulsu from the pa.nent'sbnm.foratlustmpﬁ.mswho cannot move said body part
by themselves.

B, Apparamsaccordingmfulyofﬂmpmdia;ckims,whmintheatleastmEMG
SensSor comprises & plura.lzty of EMQ sensors, each EMIG sensor adapted to being applied to '
dxﬂ"emntmusclc ormuscleplnofthc hulihybodypci.

9. Apparatus according 1o claim 8, wherein each EMG sensor produces a separate EMG

- signal.

10. Apputm:_ according to claim 9, wherein the NMES device is adapted to indcpnndcnﬂy
stimulate & plurality of muscles or muscle parts of the parctic body part. '

- 1L | Apparatus according to claim 10, wherein said p!lm;akit'y'ofmuscies or muscle parts of

th:pmucbodypnrtconupvndwﬁwmwlelormlepm of the healthybodypmto
which the plurality of EMG sensors are adapted to bm' applied.

12, Appmhmacco:ﬂingmchhll,whninhm&rismﬁgﬁndsothﬂampﬁmde

of NMES stimulation of said plurality of muscies or muacle parts of the peretic body part is at
least partly dependent on the EMG signals from the phumlity of EMG sensors.

13, Apparatus according to claim 12, wherein the controller is configured so that the

amplitade of NMES stiniulﬂion of each of said plurality of muscles or muscle parts depends at
least partly on the EMG signal from the correapoadhg muscle or muscle part.
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14.  Apparatus according to any of the preceding claims, wherem the paretic body pan isa

" body part that comes in pairs.

15, Appnram;accordingtociaimltwbﬂdnthwnﬁcbodypmismarm.

16. Apparamsmqrdinghicllimu.mwtmhodypmisaleg.

17. Apparatus according 1o any of claims 14-16, Whﬂ'lm ﬂ:c healthy body part belongs to
the patient.

18. . Apparstus according to any of claims 14-16, wherein the hca.lthy body part belonas ©
a different person.

19. Appuatusmdmgtomoﬂhemmdmgclﬁms Whemmt}mcontmllermlhuthe

' snmulahonamphtudeatleastpcﬂydepudmonlmudfmmoftheEMGssgnal

20, Apparams according to claim 19, whereininpmmdfom oftheEMGngmlm
suetchedoutmumeﬁ'omtl'nem&npd '

2).  Apparatus according to claim 19 or claim 20, wherein the processed form of the EMG
signal corresponds 1o mmﬁdmlthnwaﬂdbemdmed byamovement of the healthy

-bodypmthntxaamlrmrmgzafnmovwﬂhtﬁthadﬁypmwas undetgoing when the

EMG sxznn! was generated.

22.  Apparatus according to any of claims 19-21 Wh-rem the processed forth of the EMG

‘sxgnalunmedclayedﬁumﬂ:emﬁﬁpd

23, ApmaccmdingwwofﬁemmabdhdUdinglﬁrstpoﬁﬁm
smingdevicewhichmonitonupodﬁonofﬂum-bodyput“

24, Appa:tus'ucording to claim 23, llso.inchﬁng a first actuating device which
mechanically changes the position of the healthy body pert.
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25.  Apparstus according to any of the preceding claims, also mcludmg a second position
sensing device which monitors a position of the paretic body part.

26. Apparatus according to any of claims 1-25, including » paretic actuating device which
mechanically changes the position of the paretic body part wnder control of said controller and

_accordmg o said expected move.

27.  Apparatus according (o claim 24, wherein said first actuating device mechanicalty
changes the position ofmdhulthybodyputatvmlwels chosenﬁumthe group of
complete ass:sumce partial assistance or no assismnce,

28. Apparatus according to claim 24, wherein seid ﬁxst actuating device mechanically
changes the position of said healthy body part by limiting the range of motion of said part.

29.  Appamatus acc:ordmg 1o claim 26, wherein said second actuating device mechanically

changes the position of said paretic body part at wawying levels chosen from the group of

. complete assistance, partia} assistance or po assistance.

30. Apparatus according to claim 26, wherein ssid second actuating device mechanically
changes the position of said paretic body part by limidlag the range of motion of said part.

31, Appnﬁtus comprising a controller, and lmmeuhr elecu-ical stimnilation (NMES)
* . device, the controller storing (i) patient class, md (ii) & desired motion of the paretic body part,

and being adapted to determine an amplitude of stimewistion of the parctic body part at least
partly based on smd storage such that said NMES w is not sufficient, on its own, to
cause said desired motion but is sufficient 1o cause said desired motion when a patient in said
class sttempts to movatbebodyp-nntthemm,-dﬂnms device being adapted to
provide a stimulation of the determined lnplimdo

32. Appm'atusaccotding to any of the pmmm:.'llso including at least one paretic
EMG sensor adapted for applying to & voluntary muscle of the paretic body part, thbatlem ‘
onepmeEMGsmsorpmch:mdlelsthMumul '
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33. Apparatus according to claim 32, wherein the controller makes the amplitude of
stimulation of the paretic body part at least partly dependent on the at least one paretic EMG
signal.

34.  Apparatus according to claim 33, whersin the at least one paretic EMG sensors adapted
for applying to the paretic body part comprise a plurality of paretic EMG sensors. each
adaptedforbmgapphedmad:Mmmhormclepmoftbspmncbodypm,and
each pruducing a separate paretic EMG signal.

35. Appammsnccordmgtoclmmu whenmleMESdewcelsadaptedtoshmmmz
muscles or muscle parts of&epmucbodythuthpMcmemndaptedforbsm
applied to, and the controller is configured to0 make the mmplitude of stimulation of each
muscle or muscle pufdep-nd at lelstputlyonthupmncEMGs:gnﬂ from that muscle or

musclepat'r_ '

36, Ametbodofmh-hhm:ngap:umwhohsaymucbodypan,them«hod
comprising: - . '
a) havingﬂiepaﬁmtornno&erpummahdthybodypmﬂxatiso}‘ﬂaesmetype
as the paretic body part; '
b) detecting EMG signals from the healthy body part while it is being moved:
©) processing said EMG siguals 1o determine at least one property of 2 NMES signal;
d) applying a NMES signal to the paretic body part, responsive to said processing; and
g)mvmg-smpmc bodymummbym,ms stimulstion.

37. A method according to claim 36, whcrem said NMES is applied ata tumng according

-to said EMG signals.

38. A method according to clmn 36, whercin said NMES is applied at an amphtw.h
according to smd EMG sxgnals ' '

39. A method sccording to claim 36, also including having the patient attempt to move the

paretic bodypamwhﬂeﬂaeNMESmappﬁed,mthsmpanem ofmnvementthuthn
healthy body part is moved in whun the EMG signals. are detected.

25

AMENDED SHEET




10

15

20

30

. Emef .zeit:06/12/2005 ]5'.'_43 ' ene¥ .y 475 P12

i1 FAX

414/04400 AO1

40. A method according to claim 39, wherein detecting the EMG signals comprises
detecting the EMG s:gnals from a plmhty of muscles or muscle pa.tts of the healthy body
part, and applying NMES comprises applying NMES to a plurality of muscles or muscle parts
of the paretic body panrt corresponding to the _Phlﬂlty‘uf muscles or muscle parts of the

: _healthy bodypan.

4. Am:thoducmdmgtodamwwhmﬁlmﬂmdeofNMESspphadmnch
mmleormusclepaﬂofthembodyp-t&limanme interval in the pattern of
attcmpﬁcdmovementufthepncncbodyputd#lthutparﬂyonthe EMG signal
detecied from the corresponding muscie or musele part of the healthy body, during a
corresponding time interval in the pattern of movemmmt of the healthy body part.

42. A method according to any of claims 3641, whercin the paretic body pert is
mechanically provided with movement by an actusting device. ‘

43. A method according to claim 42, wherein asld sctusting device is synchronized to said
detected EMG. '

44. A method according to claim 42, wherein said actuating device is synchronized to said
applied NMES. ' '

45. A method according to any of claims 36-44, wherein the parctic body part is
mechanically assisted with movement by an actuating device.

46 A method accordipg to any of claims 36-45, wherein movement of the paretic body

‘part is limited by an actuating device.

47.  Apparatus according 1o any of claims 1-35, wherein said desired motion is of an arm.

48. A method according to any of claims 36-45, wherein gaid paretic body part is an aom.
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